2006; Van den Bergh et al., 2010) . Supporting diagnostic evidence includes spinal fluid albuminocytological dissociation, MRI-based evidence of enlarged, enhancing nerve roots, and/or objective evidence of response to immune treatments (Hughes et al., 2006; Van den Bergh et al., 2010) . Atypical CIDP patients typically show extensive heterogeneity in the clinical features and the response rate to treatments and can be difficult to clinically identify according to the electrophysiological criteria. Establishing a new method to distinguish the atypical CIDP from the typical cases will greatly facilitate accurate diagnoses and effective application of treatment options for atypical CIDP patients. Thus, the detection of specific biomarkers is not only crucial to identifying CIDP but also to distinguish subtypes and guide accurate treatment. Recently, several studies revealed that atypical CIDP is associated with anti-NF155 (Devaux, Miura, Fukami, Inoue, Manso, & Belghazi, 2016; Kadoya, Kaida, Koike, Takazaki, Ogata, & Moriguchi, 2016; Mathey, Garg, Park, Nguyen, Baker, & Yuki, 2017; Ogata, Yamasaki, Hiwatashi, Oka, Kawamura, & Matsuse, 2015) .
NF155 is a member of the L1 family of adhesion molecules; it is located at the paranode and expressed by the terminal loops of myelin. Together with the axonal cell adhesion molecules, CNTN-1 and contactin-associated protein-1 (Caspr1), NF155
forms septate-like junctions that anchor the myelin loops to the axon (Charles et al., 2002) . Loss of the attachment changes the nodal architecture and exposes K + channels in the juxtaparanodal region to limit saltatory conduction, which ultimately causes conduction block and deceleration. Since an initial report by Ng, et al. (2012) , several studies have documented that immunoglobulin G4 (IgG4) autoantibodies to NF155 are observed in a small proportion of patients with CIDP (Burnor, Yang, Zhou, Patterson, Quinn, & Reilly, 2018; Devaux et al., 2016; Kadoya et al., 2016; Mathey et al., 2017; Ogata et al., 2015; Querol, Nogales-Gadea, Rojas-Garcia, Diaz-Manera, Pardo, & Ortega-Moreno, 2014) . IgG4 anti-NF155-positive CIDP exhibits distinguished clinical features compared with IgG4 anti-NF155-negative ones, including specific immunotherapeutic response. IgG4 anti-NF155 had been reported as the etiology of CIDP (Burnor et al., 2018; Devaux et al., 2016; Doppler, Appeltshauser, Kramer, Ng, Meinl, & Villmann, 2015; Kadoya et al., 2016; Kawamura, Yamasaki, Yonekawa, Matsushita, Kusunoki, & Nagayama, 2013; Mathey et al., 2017; Ng, J. Malotka, Kawakami, Derfuss, Khademi, & Olsson, 2012; Ogata et al., 2015; Querol et al., 2014; Yan, Nguyen, Yuki, Ji, Yiannikas, & Pollard, 2014) ; however, there are still several limitations in these studies to evaluate the diagnostic value of anti-NF155 in CIDP patients. First, sample sizes have been small in every clinical study, and due to these small sample sizes, statistical correlations are doubtful. Second, discrepancy of the anti-NF155 detection frequencies and different conclusions exists in these papers. Third, in addition to anti-NF155, the diagnostic value of two other paranodal and nodal proteins, anti-CNTN1 and anti-NF186, also need to be evaluated. Fourth, more in-depth discussion regarding the potential pathomechanism of the anti-NF155 in CIDP is necessary. Therefore, we aimed to integrate all published evidence systematically in this meta-analysis to discover the various roles of anti-NF155, anti-CNTN1, and anti-NF186 in CIDP. We also reviewed the potential pathomechanism of anti-NF155 in CIDP patients. We hope that our data can offer a more precise diagnostic and therapeutic value of anti-NF155
to CIDP patients and inspire the readers to focus on the roles of other paranodal/nodal proteins, such as anti-CNTN1 and anti-NF186, in CIDP.
| MATERIAL S AND ME THODS

| Search strategy and study selection
This systematic literature review and meta-analysis were performed using the methodology suggested by the Preferred Reporting Items 
| Inclusion and exclusion criteria
The inclusion criteria were as follows: (a) NF155 was detected in 
| Data extraction and study quality
Data extraction was performed independently by two authors using a standard form. The following data were extracted from each study:
the basic information of the study (surname of the first author and year of publication, country of the procedure performed), study design, group assignment, sample type, detection method, number of patients, and frequency of autoantibodies detection, frequencies of the clinical features in NF155-positive and NF155-negative CIDP patients; Table 1 ). The following variables were extracted from each study using a standardized data extraction template: title, authors, year of publication, name of study cohort, geographic location, sample size, percentage of men, and frequency of autoantibodies detection.
| Quality assessment
Newcastle-Ottawa scale (NOS), a star system to determine the risk of bias of all included studies in a meta-analysis (Stang, 2010) , was applied in this literature. Total NOS score ranges from 0 to 9 stars, and higher scores stand for better quality. All included articles scored 5 or higher stars through the system ( Table 2 ). The assessment procedure was performed individually by Wenyu Hu and Yanguo Xin.
| Statistical analysis
The statistical analysis was performed independently by two authors according to recommendations from the PRISMA statement and the Cochrane handbook from the Cochrane Collaboration.
Pooled odds ratios (OR) with 95% confidence intervals (CIs) were calculated for clinical features between anti-NF155 antibodypositive and -negative patients using a random effects model.
Cochrane's Q test was used to analyze heterogeneity among the studies, and an I 2 calculation was used to measure the proportion of total variation in the estimates of outcomes; I 2 with p < 0.05 was used to denote statistical significance. Subgroup analyses were also conducted in our meta-analysis. Meta-analyses were performed using RevMan software version 5.3 provided by the Cochrane Collaboration. For prognostic analysis, the HRs were log-transformed, and the standard errors of these log HRs were calculated from their 95% CIs in STATA 14.0 (StataCorp, College Station, TX, USA) and pooled analyses performed using meta commands. To assess for publication bias, we inspected funnel plots and performed the Egger's regression test and Begg's adjusted rank correlation test using the meta-bias commands in STATA 14.0.
All of the statistical tests were two-sided, and a p-value <0.05 was considered to be statistically significant.
| RE SULTS
| Literature selection
Database searches yielded 2,430 entries, of which 2,182 were excluded because of duplications, reviews, or irrelevance. Of the TA B L E 1 Characteristics of the included studies in the meta-analysis Note. Each asterisk represents compliance with the item on the evaluation table of Newcastle-Ottawa scale. A maximum of 2 stars can be allotted in the comparability assessment, one star indicates either exposed and non-exposed individuals is matched in the design for the most important factor, the second one for any additional factor.
248 publications, 215 studies were excluded through screening the titles, abstracts, publication types, and full texts; 23 studies were excluded because there were not sufficient data to allow for extraction of TP/FN and TN/FR frequencies or for extraction of the clinical features frequencies in NF155-positive and -negative CIDP patients. Finally, we enrolled 10 trials for further analysis (Burnor et al., 2018; Devaux et al., 2016; Doppler, Appeltshauser, Kramer et al., 2015; Doppler, Appeltshauser, Wilhelmi et al., 2015; Kadoya et al., 2016; Kawamura et al., 2013; Mathey et al., 2017; Ng et al., 2012; Ogata et al., 2015; Querol et al., 2014; Yan et al., 2014) . The PRISMA flow diagram for study selection is shown in Figure 1 .
| Diagnostic accuracy
The forest plots of SEN and SPE for NF155 are shown in Figure 2 Table 3 ). There was no publication bias for the 10 studies included in this meta-analysis ( Figure 5 ).
| Overall association of NF antibody detection with clinical features of CIDP
The evaluation mentioned above indicated that IgG4 anti-NF155 could be a specific but not a sensitive parameter for CIDP. To identify the varieties of CIDP, we assessed the clinical features and the treatment response both in IgG4 anti-NF155-positive and -nega- Figure 6 ).
F I G U R E 1 Flowchart of study selection
F I G U R E 2 Forest plots of sensitivity and specificity for NF155 in CIDP patients F I G U R E 3 Post-test probabilities of NF155 versus prior probabilities using summary likelihood ratios in CIDP F I G U R E 4 Summary receiver operating characteristics of NF155 in CIDP
| Publication bias
According to the Deeks' funnel plot asymmetry test, we found no significant correlation between study size and effect size or other evidence of publication bias (p = 0.07; Figure 5 ).
| D ISCUSS I ON
This report describes the first meta-analysis study the diagnostic value of anti-NF155 in CIDP patients. In our study, 10 published papers (Burnor et al., 2018; Devaux et al., 2016; Doppler, Appeltshauser, Kramer et al., 2015; Doppler, Appeltshauser, Wilhelmi et al., 2015; Kadoya et al., 2016; Kawamura et al., 2013; Mathey et al., 2017; Ng et al., 2012; Ogata et al., 2015; Querol et al., 2014; Yan et al., 2014) were collected to identify the diagnostic value of NF155 in CIDP patients; such parameters as sensitivity and specificity of the NF155 protein were calculated. We noticed that for CIDP diagnosis the pooled SEN, SPE, PLR, NLR, DOR, and AUC of NF155 were 0.09, 1.00, 21.5, 0.41, 8.21, and 0.91 . This finding suggests that NF155 is a more specific marker protein for CIDP with questionable diagnostic value due to low sensitivity. Therefore, it may be more useful for defining clinical subsets of CIDP as an antibody against paranodal antigens.
The current meta-analysis showed anti-NF155 has low sensitivity for diagnostic value for CIDP patients; however, we found that the discrepancy of the anti-NF155 detection frequencies from different studies may be due to different detection methods and inclusion criteria. As shown in Ogata's research (Ogata et al., 2015) , anti-human NF155 antibodies detected by specific cell-based FCM assays were present in 18% of CIDP patients. The positivity rate of anti-NF155 antibodies among CIDP patients in Ogata's study (18%) is much higher than others (2.5%, Ng et al., 2012 and 3.8%, Querol et al., 2014 ) using human recombinant NF155 as an antigen by ELISA (Ogata et al., 2015) . Another reason for different detection rates of NF155 in CIDP patients may be inconsistent inclusion criteria.
In Ogata's research (Ogata et al., 2015) , they included the definite CIDP patients, who were adopted by EFNS/PNS diagnostic criteria and subsequently confirmed by electro-diagnosis. However, several researchers used EFNS/PNS diagnostic criteria but did not mention that the cases enrolled in the research were probable or possible CIDP patients, and several studies did not describe the diagnostic criteria used in detail.
Consistent with a previous description (Querol et al., 2014) , data from our meta-analysis revealed that patients with positive anti-NF155 antibody are more likely to be refractory to IVIg treatment.
The mechanism of the poor response to IVIg treatment in anti-NF155
antibody-positive CIDP may be that IVIg is inhibitory to the complement pathway (Sudo, Yamaguchi, Spath, Matsumoto-Morita, Ong, & Shahrizaila, 2014; Zhang, Lopez, Li, Mehta, Griffin, & Schnaar, 2004) ;
however, an IgG subclass of the studies included in our analysis was mainly IgG4, which have a low affinity for Fc receptors and complement. In our meta-analysis, anti-NF155-positive patients presented with more severe sensory ataxia and tremor involvement, which is rarely seen in anti-NF155-negative patients. The mechanism of marked sensory ataxia and tremor in anti-NF155-positive CIDP TA B L E 3 Diagnostic meta-analysis of neurofascin in CIDP F I G U R E 5 Publication bias test of the diagnostic meta-analysis patients is still unclear. In several studies, researchers used the sera from anti-NF155-positive CIDP patients stain mouse teased sciatic nerve fibers; these studies found that anti-NF155 antibody bound specifically to paranode regions of peripheral nerves, indicating that the paranode might be the main target. At the paranode, glial NF155
and the complex of axonal contactin-1 and Caspr1 form a septatelike junction that anchors myelin loops to the axon. A previous study (Devaux et al., 2016) speculated that blocking the anti-CNTN1 antibodies through the antigen may preferentially affect the sensory axon paranode. A recent report (Doppler, Appeltshauser, Wilhelmi, Villmann, Dib-Hajj, & Waxman, 2015) indicated that patients with anti-CNTN1 IgG4 antibodies showed specific paranodal alterations in dermal nerve biopsies. In a NF155 mouse model, myelinating glia-specific ablation decreased conduction velocities in peripheral nerves, indicating that IgG4 anti-NF155 antibodies may block interactions between NF155 and Caspr1/contactin-1 leading to conduction failure (Pillai et al., 2009) . Based on the accumulating evidence and the results of our meta-analysis, we speculate that disconnection of NF155 and Caspr1/contactin-1 may induce decreased conduction velocities and lead to the distinguishing features described above.
Three studies compared the brain MRI lesions of patients with positive or negative anti-NF155 antibody (Miura et al., 2015; Querol et al., 2013; Yan et al., 2014) . Demyelination was more likely to occur in anti-NF155-positive patients, despite the lack of statistical significance in the current meta-analysis, suggesting an association between the anti-NF155 and central nervous system involvement.
Thus, anti-NF155 is a probable predictive biomarker for CNS involvement in patients with CIDP. However, the mechanism by which anti-NF155 antibody preferentially affects both the PNS and the CNS remains unclear. In the future, more large-scale studies are required to clarify this question.
NF186 is the transmembrane protein found in the axon that functions as a cell adhesion molecule together with NrCAM comprising the nodal complex (Davis, 1996; (Table 3) . The results indicate that similar to NF155, both anti-NF-186 and anti-CNTN1 have questionable diagnostic value due to low sensitivity. However, these antibodies may be useful as more specific marker proteins to clinically define subsets of CIDP.
Three studies focused on the clinical features on anti-CNTN1-positive CIDP patients. All of the studies displayed an acute onset and a rapid progressive disease course. All patients with anti-CNTN1 IgG4 antibodies showed sensory ataxia (Doppler, Appeltshauser, Kramer et al., 2015; Miura et al., 2015) and were poorly responsive to IVIg treatment but sensitive to steroid treatments (Miura et al., 2015; Querol et al., 2013) . Compared to anti-NF155, several studies concluded that CIDP patients lack reactivity to anti-NF186 antibody (Devaux et al., 2016; Ng et al., 2012; Ogata et al., 2015) , whereas a recent study reported that anti-186 antibody was found with 2% prevalence in CIDP patients (Delmont et al., 2017) , and within five anti-186 antibody-positive patients, conduction block and cranial nerves were involved in two patients;
75% of the anti-NF186-positive CIDP patients responded well to both IVIg and steroid treatments. The discrepancy may be caused by low prevalence of anti-NF186 antibodies. More international F I G U R E 6 Forest plots of weighted mean difference (WMD) in NF155-positive CIDP group and NF155-negative CIDP group for clinical features. Horizontal lines are 95% confidence intervals groups conducting larger studies are expected to investigate both the frequencies of the anti-NF186 and anti-CNTN1 autoantibodies, clinical features, and treatment responses of CIDP patients in different populations and countries.
There are several limitations to our study. First, the studies included in our meta-analysis examined 10 and 2,797 patients, meaning that there were not sufficient data in the subgroup analyses. Second, the diagnostic criteria for CIDP and the anti-NF155
antibody detection methods lack uniformity, which may affect the validity of NF155 as a predictive marker to define CIDP subclasses. Finally, the significant heterogeneity among these studies might be observed because the patients included in each study might come from different races and experimental methods, and the year published varied. Based on the limitations of the present study, larger sample sizes and more well-designed multicenter trials are suggested.
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